INTRODUCTION
The 30-meter and 90-meter SRTM data are without restraint and they are freely available for the USA by using the Seamless Data Distribution as reported by [19] and [20] and ftp://e0mss21u.ecs.nasa.gov/srtm or ftp://e0srp01u.ecs.nasa.gov/srtm/.
The data distributed via ftp from the Land Processes Distributed Active Archive Center (LP-DAAC) are different from its Seamless Data Distribution System (SDDS, "Seamless Server") presented by [19] and [20] . The three arc-second sampled data is generated by (SDDS, "Seamless Server") from the one arc-second called "sampling" where each three arc-second data point is generated by selecting the center sample of the 3x3 array of one arc-second points surrounding the post location. For the LP-DAAC, three arc second data, each point is the average of the nine one arc-second samples surrounding the post; "averaging".
SRTM data are organized into individual rasterized cells or tiles, each covering one degree by one degree in latitude and longitude. Sample spacing for individual data points is either 1 arc-second or 3 arc-seconds defined as SRTM1and SRTM3, respectively. Since one arc-second at the equator corresponds to roughly 30 meters in horizontal extent, the SRTM1 and SRTM3 are sometimes referred to as "30 meter" or "90 meter" data. The 1 arc-second original data have been made available to the public only for North America.
SRTM land elevations data could be considered accurate whereas the data for sea areas show a lot of variation from the expected zero elevation.
43
been stated in literature as the points (X i , Y i , Z i ), for i = 1, 2… n, over some domain. A function Z = f (X, Y) is desired to reproduces the given points, and produces a reasonable estimate of the surface (Z) at all other points (X, Y) in the given domain.
Z(x,y)=a 0 +a 1 
The polynomial of equation (1) can be expanded to any desired degree, although there are computational limits because of rounding error. The unknown coefficients are found by using least squares technique and solving a set of simultaneous linear equations which include the sums of powers and cross products of the X, Y, and Z values. Once the coefficients have been estimated, the polynomial function can be evaluated at any point within the map area. It is a simple matter to create a grid matrix of values by substituting the coordinates of the grid nodes into the polynomial and calculating an estimate of the surface for each node. This study was considered with different four degrees of polynomial outlined briefly below which could be considered enough to solve the problem of DEM prediction. A first order linear trend surface equation which yields a plane trend surface has the form:
For second-order polynomial trend surfaces, the general equation is:
Z 
Fourth-order polynomial trend surfaces which had 15 coefficients to be determined, which can be considered enough for surface prediction. 
Z(x, y)= a
The previous interpolation with different orders polynomial degree was considered. Likewise, this study provided a guide to examine the most effective order that could predict of SRTM30 from SRTM90.
INTERPOLATION PROCESS OF ACTUAL DATA
The one arc second original data have been made available to the public only for North America USA which have one arc-second, SRTM30. The area extends from 39º N to 42º N latitudes and 104º W to 107º W longitudes was considered and these data are freely available. This wide area covered three degree by three degree squared to cover the overlapped pixels while the study concerned only with the area between 40º N to 41º N latitudes and 105º W to 106º W as shown in Figure 1 , which covered 9408 km 2 (3601 rows* 3601columns). Moreover, one pixel surrounded this area was taken into consideration. Therefore, this area grows to cover 9418km 2 (3603 rows* 3603columns) with pixel size 0.000278 arc degrees.
The selected area extended and contained flat terrain, smoothly sloped, sharply sloped, and rugged mountains as shown in Figure 1 . It included elevations varied from 1466 to 4293 meter. SRTM30 was converted into SRTM90 by using two methods of averaging and sampling which were used in another study by the author. Thus, SRTM90 data were used as a simulated data, which have (1201 rows* 1201 columns) with pixel size 0.000833 arc degrees. 39º N to 42º N latitudes and 104º W to 107º W longitudes © NASA [13] and USGS [17] The data had been loaded SRTM90 format directly included (1201 rows *1201 columns), and indicated the elevations in integer values. The interpolation was carried out using the different four polynomial orders using a well-developed computer program. The results were 3601 rows *3601 columns, with pixel size 0.000278 arc degree with the same area of SRTM30. This process kept the regularity of grid data for further processing.
After interpolating process, the produced SRTM30 resolution was compared with the original SRTM30 on a pixel by pixel basis concerning with the value of pixel size 0.000278 arc degrees.
Elevation differences map was computed and descriptive statistics were presented as mean elevation differences, root mean squared error, and maximum/ minimum elevation differences. Both methods of averaging and sampling had been used for the simulated data to evaluate which one was effective during the interpolation process.
The elevation differences between predicted SRTM 30 and actual SRTM30 were evaluated by the averaging method are presented in Table 1 , which revealed that about 97% of the total number of pixels had elevation differences varied from zero to ±6 meter by using the fourth polynomial order aligned with 96%, 87%, and 76% for the third (bicubic), second, and first polynomial orders, respectively. In addition, the elevation differences controlled by ± 16 meter evaluated by the fourth order were about 50% less than the other types of orders.
The mean differences and RMSE were apparent different among the fourth, third, second polynomial orders. Compared with all evaluated orders, the root mean square errors of the fourth order was the smallest. It could be concluded that the fourth order polynomial had the prominent results compared with the other polynomial orders when using the averaging method.
The elevation differences between predicted SRTM 30 and actual SRTM30 were evaluated by the sampling method are presented in Table 2 , which showed that about 95% of the total number of pixels had elevation differences varied from zero to ±6 meter by using the fourth polynomial order, aligned with 94%, 90%, and 72% for the third (bicubic), second, and first orders, respectively. Moreover, by using the fourth order, the elevation differences controlled by ± 16 meter were nearly 30% less than the third order while the other types of orders had a large difference.
Although the mean differences were comparable among the four orders, the RMSE for the fourth order was smaller than the other orders. It could be concluded that the fourth polynomial order had the prominent results compared with the other polynomial orders when the sampling method was used.
Notably, using the fourth polynomial order for both methods of averaging and sampling is suitable to predict or produce SRTM30 from SRTM90. In term of comparing the averaging and sampling methods, it is clear that the elevation differences varied from zero to ±6 meter by using averaging method of about 2% larger than sampling method. Moreover, the elevation differences controlled by ± 16 meter were almost two times by using sampling method more than the averaging method. The mean differences of both methods were comparable while RMSE for averaging method were better than the sampling method which proves the superiority of the averaging over the sampling method.
INTERPOLATION PROCESS OF REAL DATA
The simulated data showed no great differences between the averaging and sampling method. By using the fourth polynomial order, the results of interpolation were the best. The SRTM90 data for the study area was considered with the averaging data because this data freely available while the sampling data must be ordered. Data had to be pre-processed by using SRTMFILL© [16] because there are some typical problems that could be found from the original SRTM DEM such as the existing of land data voids and large voids of the water body as shown in Figure 2 . Figure (2): SRTM 90 for a part of Egypt: (a) before void filling (b) and after void filling © NASA [13] and USGS [17] In addition the presence of some voids over land surfaces, there are large voids of the water body for oceans, lakes, and seas, especially the coastlines which can be noticed in Figure 3 .a. The coastlines of oceans, and seas had been edited and improved and became available in SRTM30 version 2 [18], [19] and [20] . The study area of SRTM30 version 2 presented in Figure 3 .b. SRTM90 of real data was concerned with a region of EGYPT extended from 26º N to 27º N latitude and 32º E to 33º E longitude. This area was presented by N29E32 of SRTM90 DEM within EGYPT that can be freely downloaded and covered one degree by one degree squared to have an area of 10776 km 2 (1201 rows*1201columns) with pixel size 0.000833 arc degree. The elevations varied from a minimum of -43 meter to a maximum of 1247 meter as presented in Figure 3 . Data had to be pre-processed by using SRTMFILL© [16] to fill the existing of data voids that could be found from the original SRTM90 DEM as shown in Figures 2 and 3b. The results of SRTM30 using different four orders polynomial interpolation of SRTM90-version_1 are shown in Figure 4 . The elevation differences between predicted SRTM30 and real SRTM90 together with their relevant statistics are presented in Table 3 and Figure 5 . It can be noticed that more than 97% of the total number of pixels had elevation differences varied from zero to ±6 meter by using the fourth polynomial order, aligned with about 97%, 96%, and 92% for the third, second, and first orders, respectively. In addition, by using fourth polynomial order, the elevation differences controlled by ± 16 meter were less than the third, second, and first polynomial orders. The differences of means, and RMSE achieved by the fourth order, aligned with third, second, and first orders were obvious.
It could be concluded that the interpolation resulted in the best results compared with the other polynomial orders when the fourth order polynomial was used.
The elevation differences between predicted SRTM30 and real editing SRTM90 version_2 together with their relevant statistics are presented in Table 4 . It is clearly that further than 11 % of the total number of pixels had elevation differences zero value by using the editing SRTM90 version_2 further non editing version_1 based on the presence of red sea. In addition it is clear that the results had slightly improved by using editing version. It was clear that the fourth order polynomial had the better results than other polynomial degrees. 
GROUND STUDY AREA
In order to evaluate the accuracy of the converting SRTM 90 to SRTM 30, comparisons with data SRTM 90 and interpolated data were performed concerned with the ground truth area which has almost 13 km 2 area and presented in figure 6 . This area varied in topography, ranged from mean sea level to height 40m. SRTM90 and predicted SRTM 30 can be evaluated depending on the structure of land topography area from field measurements. Although the scale of the studied area is quite small; about 13 km 2 , it was used for testing the SRTM90 and predicted SRTM30 data.
This area has irregular shape that represented a significant difficulty in exporting data process so that more concern in the converting process was required. As a result, the indicators showed that the success of predicted SRTM are not uniform, the statistics did not show a significant difference between the original SRTM 90 and the tested data. Also, the results showed that SRTM90 had better performance than the predicted SRTM30 (Figures 7 and Table 5 , and 6). Also these results obtained if the real data which consists of 1100 observations used instead of terrain surface ( Figure 8 ). (7): from above to bottom the results of elevation differences for study area between real data and SRTM90, and between real data and predicted SRTM30 by using (4th, 3 rd , 2 nd , and 1 st polynomial order). 
CONCLUSION
By using the fourth polynomial order, the interpolated SRTM30 was better than other polynomial degrees, specially the third order (bicubic) which was used widely by [9] . Moreover, the two available data of SRTM90 (sampling and averaging) were comparable in terms of elevation differences and statistics. Different performance of the interpolation according to the terrain surface was detected and the SRTM90 can be used as a complete and homogeneous DEM especially in area of flat terrain. In addition it is normally that the editing SRTM90 version_2 is better than the non-editing version. More studies are further warranted to create another interpolation method to improve the results.
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